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0.1 Research Goals 
• 












0.2 Research Structure: 










1.1 Cooperation and Socio-Affective 
Development 

1.1.1 Cooperation development in early and middle Childhood 

1.1.2 The Triune Brain model in the neurophysiological development 
of cooperation 
Figure 1.1: The triune brain model (Hart, 2015; Maclean, 1990). 
 
1.1.2.1 Affection and empathy in the development of cooperation   
Figure 1.2: The map of emotions in the regulation of sensorimotor Engagements and 
purposeful acts of the Self (S) with the Body (B), with Objects (O) and with  




1.1.2.2 Arousal regulation and sensory sensitivity in cooperation 









1.2 ‘Play’ Effects on Cooperation and  
Socio-affective Development 
1.2.1 Play and children’s levels of arousal on sociability 

1.2.2 Play and children’s socio-affective development 
  
1.2.3 Design for interaction: developing play tools that promote 
interactions among children 

Figure 1.3: Interaction Scheme: The three spheres influence each other,  
generating different outcomes for each.
 



















1.3 Tools and Methods for Evaluating 




1.3.1. Pre-evaluating children’s social behavior 
1.3.1.1 The Interaction Rating Scale among school Children - IRSC 
Table 1.1: Sample IRSC scale items and evaluation criteria. (I#=Item number). 
Extracted from Anme et al (2012). 
1.3.1.2 Kids Empathy Development Scale - KEDS  
Figure 1.5: KEDS scale scenario and emotion guide with six emotions to choose. 
(Reid et al, 2013)





1.3.2.1. Assessing children’s task impressions 
Figure 1.6: Self-evaluation questionnaire developed by the author. 
 Adapted from the Hall et al (2016).

1.3.2.2 Children’s affective impressions of peers 
 1.3.3. Evaluating children’s cooperation and group outcomes 
1.3.3.1 Design workshops and team building tasks for evaluating 
children’s cooperation 





Table 1.2: Prisoner’s Dilemma payoff matrix in sentenced years. 
( Wikipedia, 2018). 

1.4 Considerations: Play, Affection, 
Cooperation, and Evaluation Methods 
Figure 1.8: Research conceptual model for investigating the effects of group games  
on children’s affective impressions and cooperative behavior.
 - Pilot Study 
Group Games on Children’s 
Impressions, Cooperation,  
and Design Outcomes 
2.1. Background of Study: Group Games, 







Figure 2.1: Game and design sessions procedure flowchart. 
 
2.2.1. Participants 
2.2.1.1 Ethical considerations 
2.2.2. Game stimuli and group conditions – Hikari Tsumiki 2.0 
Figure 2.2: Hikari Tsumiki. 
Adapted from Kawaguchi (2017). 
2.2.3. Individual sketch and group design tasks 
2.2.4. Evaluation procedures and tools 
2.2.4.1. Empathy pre-evaluation with KEDS scale 
2.2.4.2. Cooperation perception through self-assessments 
Table 2.1: Self-assessment questions for the design workshop. 
Q# Question Evaluation Target 
Q1 How fun was the activity you had now? Task 
Q2 How easy was the activity you had now? Task 
Q3 Do you think the time of the activity was good? Task 
Q4 Was the time of the activity too long or too short? Task 
Q5 How happy are you with your team members? Team 
Q6 How helpful was everyone on the team? Team 
Q7 How did you feel mostly during the activity? Emotion  
Q8 How do you think your friends felt mostly during the activity? Emotion  
Q9 “Free Comments” Suggestions 
Q10 How much you want to try this activity again? Task 
2.2.4.3. Affective Impression Scale version 1: emotion matching 
Figure 2.3: Affective Impression Scale version 1.0. 
 
2.2.4.4. Pro-sociability evaluation with the IRSC scale 
Recordings of the participants were made during the group discussion design task to observe 
how group game conditions would affect their levels of cooperation. Evaluations were assisted 
by the Interaction Rating Scale among school Children – IRSC (Anme, et al, 2014), a scale 
developed to assess children’s pro-social behavior through their displayed cues. This consists of 
three main categories: Cooperation; self-control, and; assertion. Each category is correlated to a 
respective 5 points Likert scale.  
2.2.4.5. Design analysis  
The pilot study also evaluated the design sketches of the participants. Through this analysis, the 
study sought to observe if any significant differences existed between group conditions. To avoid 
subjective Bias, the study focused the evaluation on the following elements defined by Mochizuki 
et al (2013): number of colors; number of Items; number of ideas, and; paper area usage.  
2.3. Results 
2.3.1. Pro-social behavior by group conditions 
 
2.3.1.1. Individual conditions affecting children’s pro-social behavior 
2.3.2. Task impressions by group conditions 
Table 2.2: Summary of reported impressions by group conditions. 

2.3.2.1. Individual conditions on children’s reported impressions. 
2.3.3. Affective impressions of group member’s by group conditions 
Table 2.3: Reported emotions in design task by group conditions. 
2.3.3.1 Individual conditions on group member’s affective 
impressions 
2.3.4. Design sketch outcomes  
Figure 2.4: samples of children’s interactive toys creations. 
 2.3.4.1 Design sketches by group conditions 
2.3.4.2 Individual conditions on group sketches 















 – Study 1 
Group Games as Motivators for 
children’s Design Tasks: effects on 
impressions and outcomes 
3.1 Previous Results and Lead-Up: Effects of 








3.1.3. Design tasks 
3.1.3.1 The competition context: “Interaction Design with Children 
Research & Design Competition 2018” 





Figure 3.1: Procedure flowchart of study 1 game and design sessions. 
3.2.1. Participants 
3.2.2 Game stimulus: marble maze building set 
Figure 3.2: Marble maze building set. 
3.2.3 Group conditions and design task 
3.2.4. Evaluation procedures and tools 
3.2.4.1 Task impressions with the Smiley Face Likert Scale 
Table 3.1: Questions of Study 1 self-report. 










3.2.5.1. Individual conditions on participant’s task impressions and 
design submissions 
3.2.5.2. Group conditions on task impressions and design submission 
3.2.5.3. Task impressions on design submission 
3.2.5.4. Relation between task impressions 
3.3 Results 
3.3.1 Individual conditions on impressions and submissions 
Figure 3.3: Linear regression of Task Satisfaction by Age. 
Figure 3.4: Design Submission by Participant's Age 





3.3.3 Group conditions on design submission 
Table 3.2: Submissions by game groups. 
Figure 3.5: Game effect on Task Impressions. *p<.05.
3.3.4 Task impressions on design submission 
Figure 3.6: Design Submission by Confidence Level.
Table 3.3: design submissions by reported Confidence. 
3.3.5 Correlations between report questions 
Table 3.4: Correlation among self-report questions.  





3.5 Study Considerations 
• 
• 
3.5.1. Study limitations 
  






 – Study 2  
Task Satisfaction and Member’s 
Happiness Impressions as 
Predictors of Group Design 
Outcomes  
4.1. Previous Results: Emotions, 




4.1.1. Co-designing with children in design workshops 
4.2. Methodology 
4.2.1. Participants 
4.2.1.1. Ethical considerations 
4.2.2. Design workshop sessions 
4.2.2.1. Sketch session  
4.2.2.2. Modelling Session 
Figure 4.1: Playground mock up platform and examples of designed models. 
4.2.2.3 Design Presentation  




4.2.3.1. Pre-evaluated KEDS score 
4.2.3.2. Self-report scale for assessing task and group satisfaction 
Table 4.1: Self-assessment questions of the design Workshop sessions. 




[(𝑀1𝑃𝐻 − 𝑀1𝑅𝐻) + (𝑀2𝑃𝐻 − 𝑀2𝑅𝐻) … + (𝑀𝑋𝑃𝐻 − 𝑀𝑋𝑅𝐻)]
𝑁𝑀
𝐻𝐼𝐴𝑚𝑎 =
[(𝑀𝐵𝑃𝐻 − 𝑀𝐵𝑅𝐻) + (𝑀𝐶𝑃𝐻 − 𝑀𝐶𝑅𝐻) + (𝑀𝐷𝑃𝐻 − 𝑀𝐷𝑅𝐻)]
3
𝐻𝐼𝐴 𝑚𝑎 =
[(4 − 5) + (3 − 3) + (5 − 4)]
3
𝐻𝐼𝐴𝑚𝑎 =
[(−1) + (0) + (1)]
3
𝐻𝐼𝐴𝑚𝑎 =






Table 4.2: Matching scale of Happiness Impression Accuracy,  
based on obtained results. 
4.2.3.4. Group design evaluation 
Figure 4.2: Jury evaluation scale for group design presentations. 





4.2.4.1. Differences between task impressions 
4.2.4.2. Individual conditions on task impressions 
4.2.4.3. Task and group impressions on design scores 
4.2.4.4. Multiple factors on design scores 
4.3. Results 
4.3.1. Differences between design task reports 
Figure 4.3: Boxplot of design score by gender.
4.3.2. Gender, grade, age, and empathy level on task impressions and 
design outcomes 
Figure 4.4: Box plot of design score by participant's grade (*p<.05, **p<.005).
Figure 4.5: Scatter plot of design score by participant's age.
Figure 4.6: Scatter Plot of design score by participant's pre-evaluated empathy. 
 
4.3.3. Task and group impressions on design scores 
Table 4.3: Linear regression of report evaluations on design score. 
Figure 4.7: Scatter plots of design score by participant’s individual HIA score  
(Left Figure) and Group HIA Score (Right Figure). 
4.3.4. Happiness Impression Accuracy and empathy on design scores 
Figure 4.8: Scatter plot of Happiness Impression Accuracy (HIA) by empathy score.
Figure 4.9: Scatter plot of predicted versus actual design score  




4.5. Main Considerations: Values and 






4.6. Additional Discussion: Co-Designing 
with Children 
Figure 4.10: Three children’s co-design Tasks throughout performed studies. 
4.6.1 Different co-design tasks throughout study sessions 


Table 4.4: Comparison between co-design activities with children. 
4.6.2 Relationship Between Studies and Considerations for further 
integrating children in co-design Tasks 
 – Study 3 
Group Games on Children’s Affective 
impressions and Cooperative 
Disposition 
5.1. Previous results and lead-up: group games, 
affective impressions, and cooperation 
  
5.2. Questions and goals: The effects of game 





 5.3.1. Study context: Summer Program 2018 and ‘City Credits’ as a 
motivation system 
Figure 5.1: Structure and procedure flow of Study 3.
5.3.3. Participants 
5.3.3.1 Ethical considerations 




Table 5.1: Relaxing and energetic group game songs categorized 
 by Energy, Difficulty and Effort. 
Figure 5.2: Box plot of differences in estimated burnt Kilocalories (Kcal)  
according to the EDG and RDG Group Games Conditions. 
5.3.5. Self-assessment affective impressions scale 
Figure 5.3: Affective Impression evaluation scale  





5.3.5.1 Affective Impression Accuracy (AIA) evaluation 
Table 5.2: Affective Impression Accuracy (AIA) score range support table. 
 5.3.5.2. Additional control questions regarding children’s affective 
impressions 
Table 5.3: Additional Control questions performed after group task. 
Figure 5.4: Control questions visual scale from “Totally Disagree” to “Totally Agree”. 
5.3.6. Evaluating cooperation with the 
‘Reward Sharing Game’ (RSG) 
  
Figure 5.5: Instructions sheet for the Reward Sharing Game. 
  




5.3.6.1. Reward Sharing Game decision sheet  
Figure 5.7: RSG Decision Sheet. 
Table 5.4: Evaluation goals of decision sheet options 
5.3.6.2. Group trust, cooperative choice, and trust in other groups 
Figure 5.8: Percentage of participants scores in the three cooperative evaluations:  
Trust in own group, cooperative choice, and trust in other groups. N=37. 






5.3.7.1. Individual conditions on participant’s HEP Impressions 
5.3.7.2. Individual Conditions on group trust and Cooperation 
Disposition 
5.3.7.3. HEP Impressions on group trust and cooperation disposition 
5.3.7.4. Group conditions on HEP impressions 
5.3.7.5. HEP impressions on group trust and cooperation disposition 
5.4. Results 
5.4.1. Control variables on cooperation and affective impressions, and 
differences between group task conditions 
Table 5.5: Generalized linear regressions of control variables on cooperation and 
affective impressions in the three HEP dimensions. 
Happiness (H), Energy (E), and Participation (P). p<.05, **p<.005, ***p<.0005. 
5.4.1.1. Age  
Figure 5.9: Linear regression of age effect on group trust.  
Marker opacity = 0.25%. 
5.4.1.2. Gender 
5.4.1.3. Empathy 
Figure 5.10: Linear regression of participants’ group trust by their empathy score.Figure 5.11: Linear regression of participant’s accuracy of Happiness and  
Participation impressions by empathy score. 
 
 5.4.1.4. Game score  
Figure 5.12: Linear regression of Energy Self-reported levels by Average Game Score. 
5.4.1.5. Easiness 
[F (1, 33) = 4.81, p=.035]. 
5.4.1.6. Familiarity 
Figure 5.13: Box plot of participants’ familiarity with the three group tasks. 
5.4.1.7. Friendship factor 
Figure 5.14: Linear regression of Happiness, Energy, and Participation  
self-Impressions by reported levels of friendship with the group members. 
5.4.1.8. Considerations about the control variables 
5.4.2 The effects of group games on children’s cooperation 
Figure 5.15: Group trust according to group conditions. Participants expectations of,  
out of two group members, how many will decide to give their reward.  
Figure 5.16: Cooperative decision according to group conditions.  
Participants chose either to give or keep their reward. 
5.4.3. Group Conditions on children’s Affective Impressions  
Table 5.6: Kruskall-Wallis H analysis summary of HEP impressions by group conditions 
(H=Happiness, E=Energy, P=Participation). 
5.4.3.1. Self-Impressions by Group Task 
Figure 5.17: Rank of participants’ HEP Self-impressions by group conditions. 
5.4.3.2. Group members’ impressions by group task 
Figure 5.18: Rank of participants’ HEP members’ impressions by group conditions. 
(H= Happiness, E= Energy, P= Participation) *p<.05, **p<.005. 
5.4.3.3. Affective Impressions Accuracy by group task 
Figure 5.19: Rank of participants’ HEP impressions accuracy by group conditions. 
(H= Happiness, E= Energy, P= Participation) *p<.05, **p<.005. 
5.4.3.4. Considerations of participant’s affective impression by group 
tasks 
5.4.4. Effects of affective impressions on levels of cooperation 
Table 5.7: Generalized linear regressions for group trust (how much they expected 
group members to share rewards) and cooperative choice (sharing reward =1). *p<0.5. 
5.4.4.1 Effects of Happiness Impressions on cooperation 
5.4.4.2 Effects of Energy Impressions on group trust 
Figure 5.20: Linear Regression of group trust by members’ energy impressions.  
Marker opacity = 0.25%. 
 
5.4.4.3 Effects of Participation Impressions on cooperation disposition 
 Figure 5.21: Logistic regression of cooperative choices by participation Self-reports.  
5.5 Discussion 

5.5.1. Study 3 limitations 
5.5.2 Study 3 main considerations and next steps 
5.6. Additional Discussion: Design for 
Interaction and the Differences between 
Group Games for Motivating Cooperation 
among Children 
5.6.1 Different game stimuli during study sessions 
Figure 5.22: The three group games selected as game stimuli. From left to right:  




5.6.2 Relationship between group games and considerations for 
future usage as cooperation motivators 






6.1. Summary of Studies’ Findings  


Figure 6.1: Summary of Studies’ findings. 
6.2. Relationship between Studies 

Figure 6.2: Connections and indications between studies’ results.  
Finding and questions are colors coded in spheres according to each study. 
Spheres with combined colors represent intersections between studies. 
6.3. Utilized Approaches and the 
Development of the Affective Impression 
Scale (AIS) for Assessing Children’s 
Emotions and Predict their Cooperation. 
6.5.1. The development of affective impressions scales throughout 
the research 
Figure 6.5: Three versions of the Affective Impressions Scale applied in different studies.
Figure 6.6: Linear regression of participant’s accuracy of Happiness and  
Participation impressions by empathy score.Figure 6.7: Three versions of Affective 
Impressions Scale applied in different studies.

6.5.2 Considerations of the HEP Affective Impressions Scale 
6.4 Relation with the Existing Literature: 










6.6. Main Considerations: Group Games, 
Affective Impressions, Energy and 
Cooperation on Middle Childhood. 
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